Rteceived for publicationi 25 September 1972 In assessing the host cell range of bovine parvoviruses, these viruses were found to replicate optimally in actively dividing bovine fetal lung and spleen cells. Other primary bovine fetal cells supported growth to a lesser extent, but bovine line cells and line cells of other animal species tested did not. Minimal infectivity remained after passage of bovine parvovirus in cells from chicken embryos and guinea pig fetuses. During bovine parvovirus replication in bovine fetal lung and spleen cells, production kinetics of infectious virus and hemagglutinins were determined. An eclipse period of 16 h occurred, and viral release from cells was not detected until 30 h after inoculation of bovine fetal lung cells and 36 h after inoculation of bovine fetal spleen cells. Cell-associated virus titers were always higher than extracellular virus titers. Hemagglutinins were detected in parallel to infectious virus.
The HADEN virus of Abinanti and Warfield (1) was recently identified as a bovine parvovirus (6) , and additional bovine parvovirus isolates were recovered and identified (R. C. Bates, J. Storz, and D. E. Reed, J. Infect. Dis., in press). Cultivation of parvoviruses is difficult, since the host cell range and conditions for.optim=.
propagation of parvoviruses are not well defined.
The host cell range of Kilham rat virus is limited.
to rat and hamster cells (7) . The H-viruses grew extensively in a variety of human and simian cell lines as well as in primary cells of whole rat and hamster embryos (7) . Adeno-associated viruses can be propagated in a wide variety of cell types, but they require adenovirus as a helper (4) . To study bovine parvoviral infections, optimal conditions for isolation and propagation had to be defined. Between 18 to 24 h after seeding, the cell cultures were washed once with 5 ml of Dulbecco phosphate buffer, and 1 ml of a high multiplicity (8:1) of bovine parvovirus 71-1-20W was adsorbed for 2 h at 37 C. The unadsorbed inoculum was removed by washing the cell layers twice, and 5 ml of growth medium with 5% lamb serum was added. The amount of unadsorbed virus was determined by plaque assay.
At selected intervals postinfection, the growth medium was removed from the culture flask and the cell layer was washed three times with 2 ml of Dulbecco phosphate buffer. The culture medium and washing fluids were combined and centrifuged at 10,000 X g for 10 min to sediment cells, nuclei, and cellular debris. The supernatant fraction was saved for titration of extracellular virus. The pellet was resuspended in 5 ml of medium and added to the cell layer. These cell culture flasks were frozen and thawed three times, and the resultant cell debris was sonically treated for 2 min at a power setting of 85 W. Virus released by this treatment was designated as cell-associated virus.
Plaque assay. The plaque technique was used to determine viral infectivity in the extracellular virus and cell-associated virus fractions. BFS cells (1,500,000) were seeded in plastic petri dishes (60 mm). Between 18 to 24 h after seeding, the cell cultures were washed with 5 ml of Dulbecco phosphate buffer, and 0.25 ml of serial 10-fold dilutions of extracellular virus and cellassociated virus samples were adsorbed for 1 h at 37 C. After adsorption, 8 ml of overlay consisting of Lavit (lactalbumin-vitamin) medium and 0.85% Noble agar, and 5% inactivated lamb serum was added to each plate. The cultures were incubated for 5 to Distinctive cytopathic changes were not induced by bovine parvovirus 1 in guinea pig and chicken cells.
Plaque characteristics. Plaques resulting from bovine parvovirus 1 and 71-1-20W replication in BFS cells were detected within 5 days after inoculation. The plaque sizes ranged from 1 to 3 mm in diameter at 5 days and increased to 3 to 5 mm at 7 days postinfection. All plaques, irrespective of the size, had fuzzy edges (Fig. 1) .
One-step growth curve. Results of growth curve experiments with bovine parvovirus 71-1-20W in BFL cells are summarized in Fig. 2 . Cell cultures were inoculated with 1 ml of virus stock with a titer of 8 X 106 plaque-forming units (PFU) /ml. The titer of the unadsorbed inoculum was 2 X 106 PFU/ml. The adsorbed multiplicity was logarithmic increase in cell-associated virus occurred between 16 anid 48 h after inoculation. A maximum cell-associated titer of 2.1 X 107 PFU/ml was reached at 84 h after inoculation. A logarithmic increase in extracellular virus was observed between 30 anid 60 h after inoculationi. The peak titer of 1.5 X 106 PFU/ml of extracellular virus was observed at 84 h. Cell-associated virus titers were consistently higher thail extracellular virus titers.
The production of cell-associated hemagglutinins ( Fig. 2) 
DISCUSSION
The results presented here demonstrate that bovine parvoviruses replicate mainly in primary bovine fetal cells. Surprisingly, cell lines of bovine origin did not support significant replication. Considering the limited studies on host cell ranges of other parvoviruses, it appears that they also replicate primarily in cell types of the host species from which they were originally isolated. For example, H-1 virus replicates l)referentially in cell lines of human and simian origin (7) . Similarly, the canine parvovirus grew only in a canine cell line (3). The porcine parvovirus can be cultivated in primary cells and cell lines of porcine origin (5) .
A 10-h eclipse period for H-1 virus replication in NB cells was observed (2), but in this study, cell-associated infectivity was not determined separately from extracellular infectivity. There 
